Objective: Although dietary pattern approaches derived from dietary assessment questionnaires are widely used, only a few studies in Western countries have reported the validity of this approach. We examined the relative validity of dietary patterns derived from a self-administered diet history questionnaire (DHQ) among Japanese adults. Design: The DHQ, assessing diet during the preceding month, and 4 d dietary records (DR) were collected in each season over one year. To derive dietary patterns, 145 food items in the DHQ and 1259 in the DR were classified into thirtythree predefined food groups, and entered into a factor analysis. Setting: Three areas in Japan; Osaka (urban), Nagano (rural inland) and Tottori (rural coastal). Subjects: A total of ninety-two Japanese women and ninety-two Japanese men aged 31-76 years. Results: We identified three dietary patterns ('healthy', 'Western' and 'Japanese traditional') in women and two ('healthy' and 'Western') in men, which showed a relatively similar direction and magnitude of factor loadings of food groups across the first and mean of four DHQ (DHQ1 and mDHQ, respectively) and 16 d DR. The Pearson correlation coefficients between DHQ1 and 16 d DR for the healthy, Western and Japanese traditional patterns in women were 0?57, 0?36 and 0?44, and for the healthy and Western patterns in men were 0?62 and 0?56, respectively. When mDHQ was examined, the correlation coefficients improved for women (0?45-0?69). Conclusions: Dietary patterns derived from the DHQ could be used for epidemiological studies as surrogates of those derived from DR.
Epidemiological studies on the relationship between diet and disease have traditionally focused on the effects of single nutrients or foods. However, nutrients and foods are consumed in many complex combinations, and studies of individual nutrients and foods can be difficult to interpret because of strong intercorrelations between them. Recently, the dietary pattern approach, namely the measurement of overall diet assessed a priori using a scorebased approach (1) (2) (3) or a posteriori using a data-driven technique such as factor analysis or cluster analysis (4, 5) , has become an important alternative to the traditional single nutrient-oriented approach. The dietary pattern approach has been used in numerous nutritional epidemiological studies among different populations investigating associations with various health outcomes (5) , including CVD (6) (7) (8) , several types of cancer (9) (10) (11) (12) , type 2 diabetes (13) , obesity (14, 15) , osteoporosis (16) and health behaviours (17) . Dietary assessment questionnaires are commonly used to characterize and explore dietary patterns predicting a health-disease risk (5) . Most dietary questionnaires used in these studies have already been validated at the nutrient and/or food intake levels. These results may suggest a reasonable validity of dietary patterns even if without evaluating the validity of dietary pattern. However, this indirect validity would be insufficient to interpret the results on the association between dietary pattern and healthdisease risk exactly, which may sometimes mislead the results. Therefore, direct validity of dietary patterns should be examined. Only four studies have reported information regarding the direct validity of dietary patterns, for example as defined by factor analysis (18) (19) (20) (21) .
In the first such validation study, reported by Hu et al. in 1999 (18) , two dietary patterns (prudent and Western patterns) were derived from both an FFQ and a 1-week dietary record among US male health professionals, with uncorrected correlation coefficients ranging from 0?34 to 0?64. Similar studies have been conducted among Swedish women (19) , Danish men and women (20) and pregnant UK women (21) . However, these studies were limited to Western countries; no similar studies have been reported in Asian countries, including Japan, with different subject characteristics and culture-specific dietary habits.
Here, we examined the relative validity of dietary patterns derived from a self-administered diet history questionnaire (DHQ) (22) (23) (24) by factor analysis against 4 d weighed dietary records in each season over one year (16 d in total) among adult Japanese men and women.
Subjects and methods

Subjects
The study was conducted in three areas in Japan: Osaka (urban), Nagano (rural inland) and Tottori (rural coastal) (25, 26) . In each area, we recruited apparently healthy women aged 30-69 years such that eight women were equally distributed in each 10-year age stratum (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) , 50-59 and 60-69 years). Their husbands were also invited to participate in the study without consideration of their age. The total number recruited was ninety-six women and ninety-six men. None of the subjects was currently receiving or had recently received dietary counselling from a doctor or dietitian, or had a history of educational hospitalization for diabetes or nutritional education from a dietitian.
Prior to the study, we held group orientations for the subjects at which we explained the study purpose and protocol. Written informed consent was obtained from each subject. A total of ninety-two women aged 31-69 years and ninety-two men aged 32-76 years completed the study protocol and were included in the present analysis. Body height and weight were measured to the nearest 0?1 cm and 0?1 kg, respectively, with subjects wearing light clothing and no shoes. BMI was calculated as body weight (in kilograms) divided by the square of body height (in metres). (25, 26) . Each of the four recording days consisted of three weekdays and one weekend day. During the orientation session, the staff (registered dietitians) gave the subjects both written and verbal instructions on how to keep the dietary record and provided a completed recording sheet as an example. Each couple was given recording sheets and a digital scale (Tanita KD-173; 62 g precision for 0-250 g and 64 g precision for 250-1000 g), instructed how to weigh each food and drink, and asked to record and weigh all foods and drinks consumed on each recording day. When measurement was difficult (e.g. eating out), they were instructed to record the size and quantity of foods they ate using household measures in as much detail as possible. For each recording day, the subjects were asked to fax the completed forms to the local staff (registered dietitians). The study staff reviewed the submitted forms and asked the subjects to add and/or modify the records as necessary by telephone or fax. In some cases, the responses were handed directly to the study staff.
Dietary records
All the collected records were checked by trained registered dietitians in each local centre and then again in the study centre. The coding of records and conversion of other measurements of quantities into grams were performed by trained registered dietitians in the survey centre in accordance with uniform procedures. A total of 1299 food and beverage items appeared in the dietary records.
Diet history questionnaire
The subjects answered the DHQ four times, once in each season, at intervals of approximately 3 months from November 2002 to September 2003 (25, 26) . In each season, the DHQ was answered two days before the start of the dietary recording period. Responses to the DHQ were checked at least twice for completeness, and when necessary reviewed with the subject to ensure the clarity of answers.
The DHQ is a previously validated 16-page questionnaire which assesses dietary habits in the previous month (22) (23) (24) . It consists of the following seven sections: (1) general dietary behaviours; (2) major cooking methods; (3) consumption frequency and amount of six alcoholic beverages; (4) consumption frequency and semi-quantitative portion size of 118 selected food and non-alcoholic beverage items; (5) dietary supplements; (6) consumption frequency and semi-quantitative portion size of eighteen staple foods (rice, bread, noodles, and other wheat foods) and miso soup (fermented soyabean paste soup), with questions on the size the of cups (bowls) usually used for rice and miso soup; and (7) open-ended items for foods consumed regularly (at least once per week) but not appearing in the DHQ. The food and beverage items selected were those commonly consumed in Japan, mainly from a food list used in the National Nutrition Survey of Japan, and standard portion sizes of cups (bowls) for rice and miso soup were derived mainly from several recipe books for Japanese dishes (22) . Estimates of dietary intake for 150 food and beverage items and energy were calculated using an ad hoc computer algorithm for the DHQ according to the following procedure. For most items (145 items listed in sections 3, 4 and 6), dietary intake was calculated based on the reported consumption frequency and portion size according to the semi-quantitative food frequency methodology. Dietary intake of the remaining five items (four seasonings used during cooking and soya sauce) was estimated according to the diet history method, using the qualitative information in sections 1 and 2 of the DHQ and the quantitative information in section 4. Information on dietary supplements (section 5) and data from the open-ended questionnaire items (section 7) were not used in the calculation of dietary intake. For men, the intake of foods categorized into white meat, red meat, processed meat, fish, sea products, shellfish and eggs was calculated as the product of reported consumption frequency and portion size multiplied by a factor of 1?2, for several reasons (26) . First, standard portion sizes in the DHQ may be generally considered as those for women, not only because the recipe books for Japanese dishes (from which standard portion sizes were derived) generally show portion sizes for women, but also because the DHQ was originally developed for women (22) . Second, the possibility of gender differences in portion size is likely to be higher for foods used as a main dish (such as meats, fish and shellfish, eggs) than for other foods (27) . Finally, intake of meats, fish and shellfish, eggs and rice, but not other foods, is generally higher in men than in women in Japan (28) .
Food groupings
Individual food items obtained from DR and DHQ data were classified directly into one of thirty-three predefined food groups ( Table 1 ). The food grouping scheme was generally based on the principles of similarity of nutrient profiles or culinary usage of the foods, mainly according to the food composition tables of Japanese foods, 5th revised and enlarged edition (29) , the classification of food groups used by the National Nutrition Survey (28) , and that used in previous studies (15, 16) . Foods expressed in the DR data in the dry-weight state and before cooking were corrected to represent the amount as consumed. Of the total 1299 food items obtained from the DR data, assignment of some constituents of cooked dishes in the DR (e.g. flour excluding that in bread and confectionery, wheat gluten, vinegar, liquor used as seasoning, spices, herbs) to food groups was not possible as they had been coded as separate items for energy and nutrient calculations. The forty food codes of these constituents were excluded from the analysis. Of the total 150 food items included in the DHQ, five items (cornflakes, nutritional supplement bars, Japanese-style pancakes, noodle soup, drinking water) were difficult to group or estimate amounts for and were therefore omitted in the current study. Finally, 1259 food items obtained from DR data and 145 food items included in the DHQ were classified into the thirty-three predefined food groups, and used for analysis.
Statistical analysis
All statistical analyses were performed for women and men separately using the SAS statistical software package version 9?1 (SAS Institute Inc., Cary, NC, USA).
Mean energy intake was calculated based on the 1259 food items obtained from the DR and 145 from the DHQ using the Standard Tables of Food Composition in Japan (29) . Mean differences in energy and energy-adjusted food group intakes among dietary assessment methods were tested by the paired t test, with a two-sided P value of 0?05 considered significant.
Factor (principal component) analysis was used to derive dietary patterns based on the thirty-three food groups for each of the DHQ and DR. Intakes of these food groups (g/d) estimated by each dietary assessment method were log-transformed to achieve normality and then adjusted for total energy intake by the residual method (30) . Analyses were done using the FACTOR PROCEDURE of SAS software. The factors were rotated by orthogonal transformation (Varimax rotation function in SAS) to achieve a simpler structure with greater interpretability. The number of factors was determined by scree plots and the combination of foods on the factors. A factor solution with three factors for women and two for men was found to be reasonable and meaningful. The proportion of variance explained by each factor was calculated by dividing the sum of the squares of the respective factor loadings by the number of variables. The factor scores for each pattern and for each individual were determined by summing the intake of each food group weighted by the factor loading (31) . All data presented herein are from the Varimax rotation.
Pearson correlation coefficients between factor scores on similar dietary patterns derived from the first DHQ (DHQ1) and DR were calculated to examine the relative validity of dietary patterns derived from DHQ1. Furthermore, the agreement between factor scores derived from DHQ1 and DR was analysed by the method proposed by Bland and Altman (32) , using a plot of the difference between DHQ1 and DR against the mean of DHQ1 and DR. The limits of agreement were given as 1?96 times the standard deviation of the difference. The DHQ1 (administered before the experience of recording), rather than the other DHQ, was used to exclude the influence of dietary attention required to complete the DR. Mean of four DHQ (mDHQ) was also used in the same analyses as above to match the evaluation period with that of DR. (25, 26) . Mean age of the ninety-two Japanese women and ninety-two Japanese men was 49?6 (SD 11?4) and 52?8 (SD 12?1) years, respectively. Mean energy intake estimated from DHQ1, mDHQ and DR was 8000 (SD 1538), 7859 (SD 1387) and 7816 (SD 1150) kJ/d for women, and 9608 (SD 2409), 9785 (SD 2053) and 9974 (SD 1785) kJ/d for men, respectively, showing no difference across dietary assessment methods in either sex.
Results
Subject characteristics have been reported in previous studies
Mean daily energy-adjusted consumption of the thirtythree food groups assessed with DHQ1, mDHQ and DR are shown in Table 2 . The number of foods underestimated by DHQ1 and mDHQ compared with the DR was eleven and ten for women, and fifteen and nine for men, respectively. Foods underestimated by the DHQ1 compared with the DR data included potatoes, pickled vegetables and tea for men; and bread, noodles, nuts, pulses, butter, green and yellow vegetables, white vegetables, sea products, processed meat, eggs, other soup and salt-containing seasonings for both sexes. In contrast, foods overestimated by the DHQ1 included mushroom and beef and pork for women; confectionery for men; and sugar, vegetable oil and fruits for both sexes. Pearson correlation coefficients between DHQ1 and DR for the comparison of daily consumption among women and men ranged from 0?13 for seaweed and 0?15 for saltcontaining seasonings to 0?85 and 0?82 for alcoholic beverages, respectively. Correlation coefficients between -Individual food items obtained from four 4 d dietary records (DR) and a self-administered diet history questionnaire (DHQ) data were classified into thirty-three predefined food groups independently.
--Of the total 150 food items included in the DHQ, five items (cornflakes, nutritional supplement bars, Japanese-style pancakes, noodle soup, drinking water) were difficult to group or estimate the amount of and were therefore omitted in the present study. Of the total 1299 food items obtained from DR, forty constituents of cooked dishes (e.g. flour excluding that in breads and confectionery, wheat gluten, vinegar, liquor as a seasoning, spices, herbs) could not be assigned to a food group, and were therefore omitted from food classification. Finally, 1259 food items obtained from the DR data and 145 food items included in the DHQ were classified into thirty-three predefined food groups. Mean energy-adjusted food group intakes were significantly different from those of DR data (paired t test): *P , 0?05, **P , 0?01, ***P , 0?001.
-Food intakes presented here were energy-adjusted by the residual method.
--Food intakes were log-transformed to achieve greater normality in the distribution and were energy-adjusted by the residual method before the Pearson correlation coefficients between DHQ1, mDHQ and DR were calculated. mDHQ and DR were higher than those between DHQ1 and DR for nearly all items.
In factor analysis, we identified three factors for women and two for men. The factor loadings for each pattern derived from DHQ1, mDHQ and DR are shown in Table 3 . High positive loadings indicate strong associations between given food groups and patterns, whereas negative loadings indicate negative associations with the patterns. Because the order of extracted patterns differed between dietary assessment methods (DHQ and DR) in both sexes, we decided to compare similar patterns loaded on the same foods between dietary assessment methods. Derived dietary patterns were descriptively labelled based on the food groups that were highly loaded. For women, the factors were labelled 'healthy' (high positive loading on green and yellow vegetables, fish, fruits, mushrooms, white vegetables, sea products, seaweeds, pickled vegetables, shellfish and pulses, and negative loading on beef and pork in common among DHQ1, mDHQ and DR), 'Western' (positive loadings on vegetable oil, processed meat, butter and eggs) and 'Japanese traditional' (positive loadings on miso soup and rice, and negative loading on shellfish and bread). For men, the factors were labelled 'healthy' (high positive loading on green and yellow vegetables, fruits, mushrooms, white vegetables, seaweeds, daily products, sugar, miso soup and pulses in common among DHQ1, mDHQ and DR) and 'Western' (positive loadings on chicken, vegetable oil, processed meat, beef and pork, and negative loading on rice). Although the number of foods with a factor loading .|0?25| differed among patterns, the direction and magnitude of factor loadings for each dietary pattern among DHQ1, mDHQ and DR were relatively similar in the two sexes. Overall, the total explained variance of dietary patterns derived from DHQ1, mDHQ and DR was 30?1 %, 31?2 % and 30?8 % for women, and 21?5 %, 24?4 % and 25?8 % for men, respectively.
Pearson correlation coefficients between DHQ1 and DR were 0?57 for the healthy, 0?36 for the Western and 0?44 for the Japanese traditional pattern in women; and 0?62 for the healthy and 0?56 for the Western pattern in men (Table 4) . Correlation coefficients of the respective dietary patterns between mDHQ and DR were improved for women (0?45-0?69).
The Bland-Altman plots of all dietary patterns for women ( Fig. 1) and men (Fig. 2) showed that the mean differences between factor scores derived from DHQ1 and DR were zero. The 95 % limits of agreement for the difference between factor scores derived from DHQ1 and DR lay within 21?81 and 11?81 for the healthy pattern, within 22?22 and 12?22 for the Western pattern and within 22?08 and 12?08 for the Japanese traditional pattern in women; and within 21?83 and 11?83 for the healthy pattern and within 21?71 and 11?71 for the Western pattern in men. The agreements of all dietary patterns between mDHQ and DR were improved except for the Western pattern in men (data not shown).
Discussion
Using factor analysis, we identified three dietary patterns among ninety-two Japanese women (labelled healthy, Western and Japanese traditional patterns) and two among ninety-two Japanese men (healthy and Western patterns) from both the DHQ and DR data. Pearson correlation coefficients between patterns derived from DHQ1 and DR were 0?36-0?57 for the three patterns among women, and 0?56-0?62 for the two patterns among men, suggesting that the validity of the DHQ against DR in characterizing dietary patterns among Japanese adults was reasonable. To our knowledge, the present study is the first one to evaluate the relative validity of the major dietary patterns derived from a dietary assessment questionnaire in comparison with those from DR as a reference method in an Asian population.
Although numerous studies have examined the relationship between diet and various health outcomes using the dietary pattern approach rather than the single nutrientoriented approach (5) , only four have directly compared dietary patterns derived from different dietary assessment methods in the same study subjects (18) (19) (20) (21) . Among them, uncorrected correlation coefficients between dietary questionnaires and reference methods (e.g. multiple-day DR or diaries) were 0?34-0?64 for prudent and Western patterns among 127 US male health professionals (18) ; 0?41-0?73 for healthy, Western and drinker patterns among 111 Swedish women (19) ; 0?34-0?61 for green, sweet and traditional patterns for 879 Danish men and 927 Danish women (20) ; and 0?35-0?67 for prudent and Western patterns among 585 UK pregnant women (21) . Moreover, reasonable agreement between the FFQ and food diary scores was observed among pregnant UK women (21) . The 95 % limits of agreement lay within 21?58 and 11?58 for the prudent and within 22?22 and 12?22 for the Western pattern. The present findings for the validity of dietary patterns are comparable to these previous results.
Among the dietary patterns identified, several differences were noted in the order of extracted dietary patterns and in the factor loadings for food items between DHQ1, mDHQ and DR. As mentioned previously (18, 19) , these differences appeared to be derived from methodological differences between dietary assessment methods (30, 33) , random statistical variation and different assessment periods. Several foods were under-or overestimated by the DHQ in both sexes (Table 2 ). These discrepancies in estimation might have affected the extraction of dietary pattern when grams were used as an input variable in the factor analysis. In addition, the difference in loading of food items between dietary assessment methods in the current study was greater than those in the previous studies, which might have been caused by the food grouping process. In nearly all previous studies evaluating the validity of dietary patterns, food groups were defined from the examined dietary assessment questionnaire, and only matched foods appearing in the reference method were entered into factor analysis. As a result, many food items appearing in the reference method were excluded from the food item list, for example 22 % (18) and 54 % (19) , and were not considered in the subsequent validation analysis. Validity with this methodology would therefore be theoretically better than the actual validity. To minimize this problem, we predefined thirty-three food groups, and allocated to them all 145 food items in DHQ and 1259 in DR ( Table 1) .
The number of extracted dietary patterns differed between sexes, even though almost all subjects (99 %) in the present study were couples who lived together and ate similar meals. The healthy and Western patterns were common to both sexes, with the former characterized by green and yellow vegetables, fruits, mushrooms, white vegetables, seaweed and pulses, and the latter by vegetable oil, processed meat, chicken, beef and pork, eggs and butter. In addition, the correlations between dietary factor scores were in the expected direction for both sexes. In contrast, the Japanese traditional pattern, characterized by a high intake of rice and miso soup and a low intake of bread, was original to women. Different dietary patterns between sexes have also been reported in some (20) but not all (5) previous studies. Several limitations of the present study warrant mention. First, because the sample size (ninety-two in each sex) was smaller than that of the previous studies (n 111-927), the stability of establishing dietary patterns may be questionable. Second, because the subjects were not randomly sampled from the general Japanese population, but rather were volunteers and thus likely highly healthconscious, they may not be representative. Moreover, the survey areas were not equally distributed over the country but were selected mostly from the western parts of Japan. Third, we assumed that dietary patterns derived from the DR were the 'gold standard'. However, DR are also susceptible to measurement error due to erroneous recording and potential changes in eating behaviour (30) . Fourth, factor analysis itself has limitations, and results can be sample specific. Here, analytic decisions were subjective or arbitrary at several points including the number of classifications of food groups, the form of the food group input variables, adjustment of total energy intake, number of factors extracted, rotation method used, and naming of factors. Use of the process above may have produced a lack of consistency, and the results as well as the process by which the dietary patterns were derived should be interpreted with caution.
In conclusion, our data indicate that dietary patterns defined by factor analysis using data from DHQ have reasonable validity against DR used as a reference method among Japanese adults. According to an expert review (34) , the ability of a dietary pattern to reliably predict disease is also important in establishing the usefulness of the dietary pattern approach. We have already found the expected associations between dietary patterns derived from DHQ and some health outcomes such as bone mineral density (15) , obesity (16) and functional constipation (35) . Together with these previous association studies, the present findings suggest the utility of the DHQ in identifying dietary patterns and in studying the relationship between dietary patterns and health in epidemiological studies among Japanese people. 
